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Abstract 
Traditional measures of technological change, such as the rate of technical change, are based on
producer-oriented prices.  Consumer-oriented welfare measures such as the Hicksian variations
are more appropriate measures of the ultimate benefits of technology, but they require knowledge
of consumer valuations of outputs and inputs and the price impacts of the technological change.
The general equilibrium analysis here evaluates these price impacts and shows how the welfare
gain from technological change can be decomposed into the rate of technical change, plus an
induced-price-change effect, plus the effect of any ad-valorem price distortions that exist in the
economy.  The graphic interpretation of these welfare effects suggests alternatives to the usual
partial equilibrium social surplus measures of the gains from technological change.
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 Technological Change and Welfare in an Economy with Distortions
Introduction
Increases in productivity have clearly been the most important engine of real income gains
during the past century, and it seems safe to assert that the productivity gains have been due
primarily to technological change rather than to improved efficiencies in the use of existing
technologies.  Yet there has been remarkably little of the economic literature that has examined
the characteristics of  technological change and how these characteristics might affect the size and
distribution of welfare benefits from technological innovation.  The purpose of this paper is
explore these relationships.
John Hicks (1963) sketched out a model showing how, under constant prices, an input
bias in technological change could change input shares, and this insight stimulated an extensive
literature devoted to defining and measuring parameters representing such biases.  That literature
generally stops short of evaluating the price and/or income effects of such biases.  The Solow
(1957) residual, however, was in effect a measure of the aggregate income gains from
technological change.  Following Solow there was a substantial body of literature that relates the
Solow residual to rates of change in the underlying aggregate production function, and to index
measures of the rate of technological change, but with a loss of emphasis on the original welfare
implications of the residual itself.
The Griliches (1957) study of the impact of hybrid corn technology was one of the first
empirical efforts to measure welfare effects of a particular technological change.  The welfare
measure he used was the change in social surplus (consumer and producer surplus) in the market2
for corn.  Many partial equilibrium studies following Griliches examined the distribution of
welfare benefits among related markets and how these benefits are affected by market
imperfections (see Alston, Norton and Pardey (1995), for a review of this literature.)  Recently, 
Chavas and Cox (1997) developed a general equilibrium framework that acknowledges in a
general way the induced price effects of neutral technical change or price policies, but we have
found no work on general equilibrium measures of welfare changes due to technical change in the
presence of policy distortions.   The closest in nature is the model in Perrin and Fulginiti (1996)
that examines a general equilibrium measure of the welfare effect of technical change in the
presence of externalities or public goods.
A related vein of the literature has been directed at the issue of  measuring productivity
change, per se, in the presence of price distortions - discrepancies between prices and marginal
productivities.  Distortions considered have been those from imperfect competition (see for
example the studies in Cowing and Stevenson (1981)), from underutilization of capacity (see
Berndt and Fuss(1981) and other papers in that special issue of the Journal of Econometrics),
from economies of scale (Ohta (1975)), from pollution abatement regulations (Denison (1979),
Norsworthy, Harper and Kunze (1979), Crandall (1981), Christiansen and Haveman (1981),
Pittman (1983), Färe, Grosskopf, Lovell and Pasukra (1989) and Conrad and Morrison (1989)),
or from the existence of a common-property renewable resource (Capalbo (1986)).  These
producer-oriented studies focus on measuring productivity as a shift in the technology set, and
thus carry the analysis away from the notion of how technological change affects the welfare of
consumers.
The purpose of the present paper is to introduce a general equilibrium model of the3
E(1,p,u)/Miny0,y[y0%py*u(y0,y)$u], and
A(1,w,J)/Maxy0,y[y0%wy*(y0,y,J)0T],
where: y0 is netput (positive values are supplied, negative are demanded) quantity
of the numeraire good,
y is an nx1 vector of netput quantities of other goods,
p is an nx1 vector of consumer prices for y,
w is an nx1 vector producer prices for y,
u is the consumer )s utility function,
J is an index of technological change,
T is the feasible technology set.
(1)
consumer welfare impacts of technological change, and to show how these impacts are affected
by the nature of technological change and by price distortions.
General Equilibrium in a Closed Economy
Consider a closed economy for which a representative consumer expenditure function and
an aggregate profit function which posses the usual characteristics and can be represented by
We specify distortions in this economy in the form of ad-valorem taxes that are returned to
consumers (or, equivalently, allocated in ways consistent with consumer preferences). The vector
D D  represents tax rates on non-numeraire goods as fractions of the supply prices, so that for any
commodity i, pi = (1+Di)wi .  
The general equilibrium conditions for a closed, competitive economy require that
consumer expenditures must equal consumer income (because income is derived only from firm
profits), that commodity markets must clear, and that consumer and producer prices are separated
by the exogeneously-determined  tax wedge.  The market-clearing condition for the numeraire4
a. E(1,p,u)’A(1,w,J)%D D ˆ wAw
b. Ep’Aw
c. p’(I%ˆ D D)w,
where: D D is a vector of wedges between consumer and producer prices,
 ˆ D D indicates a matrix with vector D D on the diagonal, and
  ˆ w indicates a matrix with vector w on the diagonal.
(2)
good is omitted as the redundant relationship (following Walras’ law), and thus these equilibrium
conditions may be represented by the following equations:
Subscripts in equation 2 represent partial derivatives, so by Shephard's and Hotelling's lemmas
these equations specify market-clearing conditions.  Since both the producer and consumer price
of the numeraire good must equal one, there are 2n relative prices and the utility level u to be 
determined by these 2n + 1 equations.
We wish to consider an exogenous shock to this system in the form of a technological
change from J
0 to J', as is illustrated for the two-good case without distortions in Figure 1.  The
welfare effect of this shock to the system is the resulting equilibrium change in utility.  Two
approximations of this welfare effect are the Hicks-Boiteux aggregate equivalent variation (EV)
and compensating variation (CV) in income.  In this paper we will contrast these measures with
two commonly used measures of technological change, the dual rate of technical change and total
factor productivity. 
Measures of Welfare Change
Hicks' EV measure of the welfare effect of a change from state A to state B (which was
extended by Boiteux) is the minimum amount of money that if given to consumers in state A,
would permit the consumer to achieve the utility level of state B.  CV is the maximum amount of5
Equivalent Variation (EV) / E(1,p 0,u ))&E(1,p 0,u 0), (3)
Compensating Variation (CV) / E(1,p ),u )) & E(1,p ),u 0). (4)
money that could be taken away at state B and still permit the consumer to achieve the utility level
of state A.  In terms of the economy described above, if the technological change moved the
economy from an initial equilibrium (p
0, u
0) to (p’, u’), then EV is defined as 
and CV as
Figure 1 represents a two-good economy in which these concepts can be contrasted
graphically.  The lower panel illustrates the numeraire good y0 on the vertical axis, the other good
y on the horizontal axis, an initial technology and initial welfare level represented by PPF
0 and u
0,
and a subsequent technology and welfare level represented by PPF' and u'.  In the upper panel the
MRS curves (Hicksian demand schedules) are slopes of the respective indifference curves in the
lower panel, and the MRT curves (supply schedules) are slopes of the production possibility
curves.  The initial equilibrium at point A in the lower panel corresponds to point a in the upper
panel.  EV corresponds to y06 -y04 (which is shown in the Appendix to equal the shaded area
caebg in the upper panel), while CV corresponds to the distance y05 -y01  and area cdbg.  The
reference point C, or (y
r,y0
r), is that combination of goods on the frontier of the new technology
that would provide exactly the level of welfare as the initial equilibrium.
This graphic representation of technological change in a general equilibrium framework
provides an interesting contrast to the traditional partial equilibrium representation, which is the1 Presumably if there were an income effect of the technical change that shifts demand to
the right, the traditional measure of social surplus would include also the area between the two
demand curves.
2  Alston, Norton, and Pardey and Martin and Alston (1994) present lengthy discussions of
the implications of  parallel versus  pivotal supply shifts on total research benefits.  They conclude
that total research benefits for a proportional shift is approximately half of that for an equivalent
parallel shift and that producers can never lose from a parallel supply shift when demand is
inelastic while they necessarily lose from a proportional supply shift.
6
entire area between the two supply curves and under the initial demand curve 
1.  Measurement of
that area requires knowledge of both the new and old supply functions throughout their domain,
rather than only local information in the vicinity of the two equilibria.  The resulting welfare
measure varies widely depending solely on whether the specification of the supply function
permits divergent, parallel, or convergent shifts due to technological change
2.  In contrast, the
analogous general equilibrium welfare measure described here requires only local approximations
of demand and supply curves. 
Measures of Technological Change
The literature on technological change has tended quite naturally to be technology- or
production-oriented rather than welfare-oriented, focusing on scalar measures of the rate of
change that characterize such changes as the one from PPF
o to PPF' in Figure 1.  In general, no
unique scalar value measures “the” increase in output, so a number of such scalar measures have
been proposed.  One commonly-used measure of the rate of technical change is the relative
change in maximum profit for a given set of prices.  To provide a money-metric measure that we
can compare to EV and CV, we here consider the change in level of profit and refer to it as
technical change (TC) as well as the rate of technical change (RTC) represented also with the
symbol *: 7















Bias of Technological Change / # / dln k ’ ˆ y &1AwJ&4*,
where ˆ y indicates a matrix  with vector y displayed on the diagonal,
and  4 is a unit vector.
(6)
In terms of Figure 1, Technical Change is equivalent to (y08 - y04) as evaluated at initial prices, or
area gcaf.  
The nature of technological change can be characterized by bias as well as rate, as
originally suggested by Hicks.  Here we use the Binswanger definition and define netput bias as
the percentage change in the share of netput in profit due to the technological change under
constant prices, $i = d ln ki /dJ .  It is easily shown that biases so defined must sum to zero, and
that they may also be expressed as $i = AiJ /yi - *, that is, the difference between the rate of change
of netput yi and the rate of change in profit.  Thus the technological change can be characterized
by the rate * plus a vector of biases # # defined as
With unbiased technological change under constant prices, every netput changes at the rate of
technological change *, and thus there are no changes in shares.  This is equivalent to a
homothetic shift in the technology set, which in Figure 1 corresponds to a radial expansion of the3This alteration of the Tornquist-Theil productivity index simplifies the conversion of rates
of change to levels of change. 
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Rate of Factor Productivity Change (RFPC) /
1
2 (k 0% ˆ k
)) dlny,
(7)
PPF, rather than the expansion shown which is biased in favor of output y and therefore biased
against output y0. 
A second measure of technological change relevant to this study is the change in total
factor productivity as measured with a Tornquist-Theil index.  We define the level of this change
and its rate as:
where k
0  is a vector of initial netput shares in profit ki= wi yi /A,  ˆ k! !  is a vector of subsequent
netput values divided by initial profit
3, and dlny is the vector of changes in the logarithms of y.  In
the two-good case illustrated in Figure 1, FPC  corresponds to area gcab, close to the average of
CV and EV.  Diewert (1992) has previously confirmed that the Tornquist-Theil index is an
approximation to welfare change that is exact for certain expenditure functions.
To this point we have distinguished four possible measures of technological change.  The
two-good illustrations of Figure 1 provide an intuitive appreciation of their differences in a non-
distorted economy.   It appears that the differences between the measures may not be significant
as long as the economy is undistorted.  Certainly the differences between CV, EV and FPC will
disappear as the income effect of the technological change approaches zero.  Technical Change,
however, would continue to overestimate these welfare measures.  When price distortions are
introduced, the differences between the producer-oriented and consumer-oriented measures will9
a. (Ep(I%ˆ D)&Aw&D ˆ wAww&Dˆ Aw)(I%ˆ D)
&1dp % Eudu ’ (AJ%D ˆ wAwJ)dJ
b. (Epp&Aww(I%ˆ D)&1)dp % Epudu ’ AwJdJ
(8)
a. A0D ˆ kEˆ p&1dp% E 01
u
du ’ A0[(1%Dk)*%D ˆ k#]dJ




E/ matrix of supply elasticities ’ ˆ y
&1Aww ˆ w,
// matrix of demand elasticities ’ ˆ y&1Epp ˆ p,
,/ vector of income elasticities ’ uˆ y
&1Epu,
k/ a vector of profit shares.
(9)
apparently increase.  In order to explore these relationships more fully, it is necessary to establish
the induced price effects of the technological change, both with and without price distortions.  For
this purpose, we resort to the general equilibrium conditions of equation (2) to examine the
comparative static implications of technological change.
Comparative statics
We have demonstrated the general equilibrium welfare effects of technological change
graphically in the two-good case.  To quantify these effects algebraically, we examine the
comparative statics of the equilibrium system described in equation (2).  After substituting (2c)
into (2a) and (2b), the total differentials of the equilibrium conditions are
 Substituting earlier definitions, these may be re-written as10
dlnp/dJ ’ ˆ p&1dp/dJ ’ Q&1(,&4)* % Q&1(>&I)#,





0 ,D ˆ k (the null matrix for the case of no price distortions).
(10)
EV ’ E(1,p 0,u )) & E(1,p 0,u 0) ’ dy0%p 0dy%
1
2dpEpp(1,p ),u ))dp (11)
Solving these equations for dp and dy, the solutions may be expressed in terms of elasticity
impacts as:
From the first equation in (10) it is clear that there are two conditions to be met if the
technological change is to have no induced price effects: all income elasticities of demand must be
unitary (all ,i = 1) and technological change must be unbiased (all $i = 0.)  The interpretation of
this algebraic result in terms of Figure 1 is that if the PPF shifts radially and the successive
indifference curves are radial expansions there will be no price effects of the technical change. 
The second equation in (10) indicates that the equilibrium quantity of each netput changes by the
rate of technological change, *, plus a neutral price change coefficient, plus its bias component, $i ,
plus a bias-induced price change component.
We can now return to the issue of whether price distortions have an important impact on
the way we measure technological change.  Using a Taylor expansion of E(1,p
0,u') about the
equilibrium point E(1,p',u'), the EV associated with technological change can be expressed as
follows:11
(EV
E 0)/dJ ’ * % [(s0



















Substituting changes in quantities and prices from (10), the change in EV, expressed as a fraction
of initial expenditures, can be expressed as
where s0
0 is the share of the numeraire good in initial consumer budget.  Here it is clear that the
consumer gains from technological change can be decomposed into (1) the rate of technical
change, *, plus (2) an adjustment for induced price effect (the first bracketed set of terms), plus
(3) another adjustment for ad valorem price distortions (the final term.)  A similar expression can
be derived for the CV measure of welfare benefit.
The expression in (12) demonstrates what was intuitively clear from the previous graphic
analysis.  When there are no induced price effects the rate of technical change is an unbiased
measure of the welfare effect of technological change, and this will be true whether or not there
are ad valorem price distortions. Sufficient conditions for the induced price effect to be zero are
that consumer preferences be homothetic ( , ,-4 4 = 0) and the bias in technological change be zero. 
Then both % % and ) ) are null vectors so all terms except * disappear, corresponding to the case
earlier described in which both the PPF and the indifference curves are radial expansions.  
 Although it is possible that one might be able to sign the effects of distortions on welfare
gains, we have not been able to do so.  Intuitively it seems unlikely that distortions would have an12
unambiguously negative or positive effect.  Consider for example the case of technological change
that is biased toward a good that is taxed and of low income elasticity, where the ultimate
distorted equilibrium results in a decrease in the utility lost due to the tax wedge.  Here it seems
plausible that the increase in welfare would be larger in the presence of a tax.  Definitive algebraic
analysis of this possibility remains to be resolved, however.
Conclusions
The perspective of this paper is that the rate of technological change as usually measured
from the production perspective is not necessarily a good measure of the welfare benefits of
technological change.  The discrepancy would be especially pronounced under market failure in
which some inputs or outputs that are important to consumers either have no price or a different
price than producers face.  The analysis shows that the EV (equivalent variation) measure of
benefit from technological change can be decomposed into the rate of technological change (a
common producer-oriented measure of technological change), plus an induced-price-change
effect, plus a price distortion effect. 
We derive the induced-price effect of technological change, demonstrate that it disappears
if consumer preferences are homothetic and the technological change is unbiased, and then isolate
an algebraic expression describing the impact of this effect on the welfare gain from technological
change.  We also derive the effect of ad valorem price distortions on the welfare benefits of
technological change, and show that these distortions affect welfare gains only in the case of
biased technological change.
The general equilibrium framework here is highly simplified, yet it offers algebraic and
graphic demonstrations of the important distinctions between producer-oriented measures of13
technological change and the consumer-oriented benefits from that change.  The analysis suggests
new empirical approaches to approximating the welfare benefits of technological change, and
offers new graphic interpretations of these benefits.14
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Appendix
This Appendix establishes the equivalence of the various welfare measures to areas in case
of a two-good, undistorted economy as depicted in Figure 1.  First consider the equivalence of
EV (y06-y04 ) and area caebg :
Here, p
l is the price at point g and p
h is that at point c, so that the first integral of the final
expression in (A1) is the area to the left of MRT' between p
l  and p', the second integral is the area
to the left of MRS' between p' and p




h, and the final term subtracts the area to the left of line cg.  Thus EV is the shaded area
caebg, and CV can be similarly established to equal area cadbg.

















































































































The first integral is the area to the left of the MRS curve from point g to point f , the second
integral is the area to the left of the MRS
0 curve from point a to point c, and the final term
subtracts the area to the left of line segment cg, leaving the area gcaf as the area equivalent to
Technical Change. 
Finally, consider the equivalence of Factor Productivity Change (FPC) and area gcab:
Here the first integral is the area to the left of MRT' between point g and point b, the second term
is the area to the left of line segment ab, the third term is the area to the left of MRS
0 between
points a and c, and the final term subtracts the area to the left of line segment cg, leaving area
gcab as the area corresponding to Factor Productivity Change. 16
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Figure 1.  Welfare effects of technological change with no price distortions.
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